AWARD  NUMBER:  W81XWH-1 4-1 -0469 


AD 


TITLE:  The  Role  of  microRNAs  in  Pancreatitis 

PRINCIPAL  INVESTIGATOR:  Li,  Yong 

RECIPIENT:  University  of  Louisville 
Louisville,  KY  40208 

REPORT  DATE:  October  2015 

TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release;  Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  2.  REPORT  TYPE  3.  DATES  COVERED 

October  2015  Annual  30  Sep  2014  -29  Sep  2015 


4.  TITLE  AND  SUBTITLE 


5a.  CONTRACT  NUMBER 


Sep  2015 


The  Role  of  MicroRNAs  in  Pancreatitis 


5b.  GRANT  NUMBER 

W8 1XWH- 14-1-0469 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 


5d.  PROJECT  NUMBER 


Li,  Yong 

E-Mail:liv2(a)ccf.or 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Louisville 
2301  S  3RD  ST 
LOUISVILLE  KY  40208-1838 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


Approved  for  Public  Release;  Distribution  Unlimited 


14.  ABSTRACT 

Pancreatitis  (inflammation  of  the  pancreas)  leads  to  hundreds  of  thousands  of  hospital 
admissions  each  year  in  the  United  States.  We  studied  the  role  of  a  noncoding  RNA  gene  in 
pancreas  inflammation  using  mouse  cells.  Gene  deletion  of  this  RNA  reduces  the  pro- 
inflammatory  response  of  mouse  cells.  These  data  support  that  this  RNA  is  a  critical  promoter 
to  pancreatitis. 


15.  SUBJECT  TERMS 

MicroRNA,  Pancreatitis,  NF-kappaB,  Mice 


16.  SECURITY  CLASSIFICATION  OF: 
U 


a.  REPORT 


b.  ABSTRACT  c.  THIS  PAGE 


17.  LIMITATION 

18.  NUMBER 

OF  ABSTRACT 

OF  PAGES 

uu 

6 

USAMRMC 


19b.  TELEPHONE  NUMBER  (include  area 
code) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


2 


Table  of  Contents 


Page 


1.  Introduction  4 

2.  Keywords  4 

3.  Overall  Project  Summary  4 

4.  Key  Research  Accomplishments  5 

5.  Conclusion  7 

6.  Publications,  Abstracts,  and  Presentations  8 

7.  Inventions,  Patents  and  Licenses  8 

8.  Reportable  Outcomes  8 

9.  Other  Achievements  8 

10.  References  9 

11.  Appendices  9 


3 


1.  INTRODUCTION:  Narrative  that  briefly  (one  paragraph)  describes  the  subject,  purpose 
and  scope  of  the  research. 

Pancreatitis  (inflammation  of  the  pancreas)  leads  to  hundreds  of  thousands  of 
hospital  admissions  each  year  in  the  United  States.  NF-kB  is  a  master  regulator  of 
inflammation.1  MicroRNAs  (miRNAs)  are  short  (20-25  nucleotide)  RNA  molecules 
that  negatively  regulate  gene  expression.  A  number  of  miRNAs  are  dysregulated  in 
pancreatitis  and  activate  NF-kB.2  However,  the  underlying  molecular  mechanisms  of 
pancreatitis  remain  elusive.  Thus,  there  is  an  urgent  need  to  investigate 
inflammation-related  miRNAs  using  animal  models  for  a  comprehensive 
understanding  of  the  biology  and  pathology  of  pancreatitis.  miR-301a  is  identified  as 
the  most  potent  NF-kB  activator  2  and  is  also  upregulated  in  pancreas  tissues  from 
patients  with  chronic  pancreatitis  compared  to  that  from  healthy  donors.3  In  this 
study,  we  propose  two  specific  aims  to  ascertain  the  role  of  miR-301a  in  NF-kB 
activation  and  pancreas  inflammation  using  cells  and  mouse  models. 

2.  KEYWORDS:  Provide  a  brief  list  of  keywords  (limit  to  20  words). 

MicroRNA,  Pancreatitis,  NF-kappaB,  Mice 

3.  OVERALL  PROJECT  SUMMARY:  Summarize  the  progress  during  appropriate 
reporting  period  (single  annual  or  comprehensive  final).  This  section  of  the  report  shall  be 
in  direct  alignment  with  respect  to  each  task  outlined  in  the  approved  SOW  in  a  summary 
of  Current  Objectives,  and  a  summary  of  Results,  Progress  and  Accomplishments  with 
Discussion.  Key  methodology  used  during  the  reporting  period,  including  a  description  of 
any  changes  to  originally  proposed  methods,  shall  be  summarized.  Data  supporting 
research  conclusions,  in  the  form  of  figures  and/or  tables,  shall  be  embedded  in  the  text, 
appended,  or  referenced  to  appended  manuscripts.  Actual  or  anticipated  problems  or 
delays  and  actions  or  plans  to  resolve  them  shall  be  included.  Additionally,  any  changes  in 
approach  and  reasons  for  these  changes  shall  be  reported.  Any  change  that  is 
substantially  different  from  the  original  approved  SOW  (e.g.,  new  or  modified  tasks, 
objectives,  experiments,  etc.)  requires  review  by  the  Grants  Officer’s  Representative 
and  final  approval  by  USAMRAA  Grants  Officer  through  an  award  modification 
prior  to  initiating  any  changes. 

We  present  here  progresses  we  have  made  in  the  funding  period  while  the  PI  was  at 
University  of  Louisville  and  after  he  moved  to  Cleveland  Clinic  Foundation  (CCF). 
The  objectives  during  this  study  period  are  to  obtain  regulatory  approval  on  animal 
studies  and  determine  the  role  of  miR-301a  in  NF-kappaB  signaling  and  macrophage 
activation  using  isolated  microphages  from  mice.  We  crossed  miR-301a+/-  mice  to 
generate  wild-type  (WT)  and  miR-301a-null  (KO)  littermates  for  isolation  of  bone 
marrow-derived  macrophages.  Macrophages  display  remarkable  plasticity  and 
follow  two  distinct  states  of  polarized  activation:  the  classically  activated  (Ml) 
phenotype  and  the  alternatively  activated  (M2)  phenotype.  Under  Ml  activation, 
macrophages  secret  cytokines  including  TNFa,  IL-ip,  and  IL-6,  and  enzymes  such  as 
inducible  nitric  oxide  synthase  (iNOS,  a.k.a.,NOS2).  M2  polarization  of  macrophages 
was  discovered  as  a  response  to  the  T  helper  type  2  (TH2)  cytokines  IL-4  and  IL-13. 
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We  treated  isolated  macrophages  with  Ml  [LPS  (lOOng/ml,  TLRgrade,  Enzo  Life 
Sciences)  and  IFN-y  (lOng/ml,  R&D  Systems)]  and  M2  stimuli  [mouse  recombinant 
IL-4  (lOng/ml)  and  IL-13  (lOng/ml),  obtained  from  R&D  Systems],  respectively. 
Quantitative  realt-time  PCR  (qPCR)  was  performed  to  determine  whether  miR-301a 
deficiency  affects  NF-kappaB  activation  and  macrophage  polarization.  In  addition, 
we  performed  Western  blotting  analyses  to  determine  NF-kappaB  activation  and 
Stat3  activation  in  immune  cells.  We  found  that  miR-301a  KO  macrophages  have 
weaker  Ml  response  than  WT  controls. 

There  are  no  changes  to  originally  proposed  methods. 

4.  KEY  RESEARCH  ACCOMPLISHMENTS:  Bulleted  list  of  key  research 

accomplishments  emanating  from  this  research.  Project  milestones,  such  as  simply 
completing  proposed  experiments,  are  not  acceptable  as  key  research  accomplishments. 
Key  research  accomplishments  are  those  that  have  contributed  to  the  major  goals  and 
objectives  and  that  have  potential  impact  on  the  research  field. 

First ,  we  determined  Ml  and  M2  gene  expression  in  wild-type  (WT)  and  miR- 
301a-null  (KO)  bone  marrow-derived  macrophages.  Mice  (8  weeks  old)  were 
sacrificed  and  hind  legs  were  removed.  All  muscle  tissues  from  the  bones  were 
removed  using  scissors.  The  femur  was  separated  and  flushed  with  PBS  using  a  3-mL 
syringe  and  a  23 -gauge  needle.  Bone  marrow  was  passed  through  a  pipette  several 
times  to  make  a  single-cell  suspension.  Cells  were  washed  with  PBS  twice  before  being 
plated  onto  a  culture  dish.  Cells  were  maintained  in  DMEM  supplemented  with  10% 
fetal  bovine  serum  and  10  ng/mL  murine  granulocyte  macrophage  colony  stimulating 
factor  (M-CSF,  R&D  systems,  Minneapolis,  MN)  and  incubated  at  37°C  with  5%  C02. 
We  treated  isolated  macrophages  with  Ml  [LPS  (lOOng/ml,  TLRgrade,  Enzo  Life 
Sciences)  and  IFN-y  (lOng/ml,  R&D  Systems)]  and  M2  stimuli  [mouse  recombinant 
IL-4  (lOng/ml)  and  IL-13  (lOng/ml),  obtained  from  R&D  Systems],  respectively.  RNA 
was  reverse-transcribed  with  the  iScript™  Reverse  Transcription  Supermix  kit  (BIO¬ 
RAD,  Hercules,  CA). 
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qPCR  was  performed  using  the  iQ™  SYBR  Green  Supermix  (BIO-RAD)  and 
CFX96™  Real-Tme  PCR  system  (BIO-RAD)  with  primers  designed  based  on 
Universal  Probe  Library  (Roche)  with  ACTB  as  the  reference.  As  shown  in  Figure  1, 
there  were  significant  down-regulation  of  IL12A,  IL23,  and  IL6  in  KO  macrophages 
treated  with  Ml  stimuli  compared  with  WT  controls.  However,  the  expression  of  M2 
genes  was  not  significantly  altered  (Figure  2). 


A  B 


Figure  2  qPCR  analyses  of  M2  gene  expression  in  macrophages  treated  with  Ml 
stimuli  for  6  hr  (A)  or  24  hr  (B).  N=3. 


Second,  we  determined  NF-kappaB  and  Stat3  activation  in  isolated  WT  and  miR- 
301a  KO  cells  as  miR-301a  is  activator  to  both  NF-kappaB  and  Stat3.2,4  We  first 
isolated  CD1  lb+  monocytes/macrophages  and  CD1  lc+  dendritic  cells  from  mouse 
spleen  using  flow  cytometry.  In  mouse,  the  CD1  lb  antigen  is  expressed  on  monocytes 
or  macrophages  with  the  later  derived  from  the  former.  We  treated  cells  with  IL6 
(50ng/ml),  an  Stat3  activator  or  TNFa  (20ng/ml),  an  NF-kappaB  activator  for  30  min. 
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Figure  3  Western  analyses  of  NF-kappaB  and  Stat3  activation  in  splenic  CDllb+  (A)  and 
CDllc+  cells  (B). 
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We  performed  Western  blotting  analyses  to  determine  NF-kappaB  activation  (IkBa,  an 
inhibitor  to  NF-kappaB)  and  Stat3  activation  as  judged  by  Stat3  phosphorylation.  We 
found  reduction  of  both  NF-kappaB  and  Stat3  activation  in  KO  CD1  lb+  and  CD1  lc+ 
cells  compared  with  WT  controls  (Figure  3).  We  then  isolated  CD4+  cells  from  mouse 
thymus  and  performed  similar  assays.  As  shown  in  Figure  4A,  miR-301a  deletion 
causes  reduction  of  Stat3  activation  and  NF-kappaB  activation  in  CD4+  cells  treated 
with  IL-6,  yet  the  impact  on  NF-kappaB  activation  was  marginal  when  cells  were 
treated  with  TNFa.  Finally,  we  prepared  mouse  embryonic  fibroblasts,  a  wide -used 
surrogate  cell  model  in  inflammation  studies  according  to  an  established  protocol5,6  and 
treated  cells  with  IL-6  or  TNFa.  We  observed  reduction  of  both  NF-kappaB  and  Stat3 
activation  in  these  fibroblasts  (Figure  4B). 
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Figure  4  Western  analyses  of  NF-kappaB  and  Stat3  activation  in  thymus  CD4+  (A)  and 
mouse  embryonic  fibroblasts  (B). 


In  summary ,  reduction  of  NF-kappaB  activation  and  Ml  activation  in  primary 
macrophages  and  other  cells  upon  loss  of  miR-301a  is  an  indication  that  miR-301a 
is  a  pro-inflammatory  miRNA.  Our  data  suggest  that  miR-301a  is  critical  for  the 
inflammatory  response  in  vitro.  We  have  completed  Task  1  (determining  the  role 
of  miR-301a  in  vitro).  These  results  support  that  miRNAs  are  therapeutic  targets 
against  pancreatitis. 

5.  CONCLUSION:  Summarize  the  importance  and/or  implications  with  respect  to 
medical  and  /or  military  significance  of  the  completed  research  including  distinctive 
contributions,  innovations,  or  changes  in  practice  or  behavior  that  has  come  about  as  a 
result  of  the  project.  A  brief  description  of  future  plans  to  accomplish  the  goals  and 
objectives  shall  also  be  included. 
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Our  results  indicate  that  miR-301a  deficiency  reduces  the  pro-inflammatory  response 
of  macrophages.  Given  the  importance  of  macrophages  in  pancreatitis,  these  studies 
support  the  notion  that  miR-301a  is  a  critical  promoter  to  pancreatitis.  The  PI  has 
moved  from  University  of  Louisville  to  CCF  and  is  in  the  process  of  transferring  the 
grant  to  CCF.  Our  investigation  will  concentrate  on  Task  2  as  outlined  in  our 
Statement  of  Work. 
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